aminocarbonylpyrrolidinylthio group as a C-2 side chain possessed potent and well balanced antibacterial activities including anti-pseudomonal activity1} and (2) introduction of a methylene spacer between the aminocarbonyl group and the pyrrolidine ring at the C-5' position resulted in enhanced stability to renal dehydropeptidase-I (DHP-I)2). The structure-activity relationships of several penem derivatives with various 5'-substituted pyrrolidinylthio side chains have been reported by the Sandoz group3). However there has been little study done on correlation of the biological activities between penemand carbapenem derivatives having the same C-2 side chain. Wewere interested in comparing the biological properties of both derivatives described above. In this paper, in vitro antibacterial activity, stability to DHP-I and affinity to penicillin-binding proteins (PBPs) of new penem compounds were compared with the corresponding carbapenems.
Chemistry
The penem derivatives examined here were prepared according to the conventional procedures3'4) of displacing the sulfinyl groups in penem-S-oxides with various mercaptans as shown in Scheme1. In this pathway, we chose the penem--S'-oxide (2) Abbreviations: S.a., Staphylococcus aureus; S.p., Streptococcuspyogenes; Ex., Escherichia coli; K.p., Klebsiella pneumoniae; P.m., Proteus mirabilis; P.a., Pseudomonasaeruginosa; S.m., Serratia marcescens; P.v., Proteus vulgaris.
(3a~3e) were prepared from 4-hydroxyproline as reported previously by us1'2*. The penem-S-oxide (2) was treated with mercaptan (3) in acetonitrile in the presence of diisopropylethylamine to give the protected penem (4). The p-nitrobenzyl and /?-nitrobenzyloxycarbonyl groups of 4 were removed by hydrogenolysis over Pd-C and the target penem (1) having 5'-substituted pyrrolidinylthio side chain was purified by column chromatography on Diaion CHP-20P.
Biological Properties
MICs and stability to DHP-I of these new penem derivatives (la~le) are shown in Table 1 , together with those of the reference carbapenems (5a and 5b)1}.
The 5'-aminocarbonyl derivatives (la~lc) exhibited potent antibacterial activities against Gram-positive and Gram-negative bacteria comparable to the corresponding carbapenems. The introduction of methylene spacer (CH2)n between the aminocarbonyl group and the pyrrolidine ring at the C-5' position resulted in overall reduction of the antibacterial activities, as seen in penemderivatives (Idandle).
As for the activity against Pseudomonas aeruginosa, penemderivatives (la~lc) showed poorer activity than carbapenem derivatives (5a and 5b). However, it was interestingly noted that there was no difference of anti-pseudomonal activity among three penems (la~lc), which have the different 5'-aminocarbonyl substituents, although in the case of carbapenems the dimethylaminocarbonyl derivative (5a) was superior to the carbamoyl derivative (5b).
In order to further study the anti-pseudomonal activity, affinities of penem la and carbapenem 5a to PBPs of P. aeruginosa NCTC10490 were compared as shown in Table 2 . The affinity pattern of la was similar to that of 5a and higher affinities of PBPs 1A, 2, 3 and 4 were observed in la compared with 5a. Their affinities of PBPs had a good correlation with the activity against P. aeruginosa NCTC10490. Onthe other hand, the activity of la against P. aeruginosa IFO 3451 was lower than that of5a (see Table  1 ). This discrepancy might be due to the different membrane permeability to /Mactam compounds between P. aeruginosa NCTC10490 and IFO 3451. Penem la seems to have lower membrane permeability than carbapenem 5a in P. aeruginosa IFO 3451.
Carbapenems are highly sensitive to DHP-I, while penems are generally more stable to DHP-I judging from the results reported previously6'7). Similar tendency was observed in comparison between penems (la and lb) and carbapenems (5a and 5b). The DHP-I stability was significantly enhanced by the introduction of a methylene spacer not only in carbapenems but also in penems. However, the elongation of spacer led to a reducedstability.
In this series of 5'-substituted pyrrolidinylthio side chain, penemcompoundsessentially possess potent and well balanced antibacterial activities similar to those of the corresponding carbapenem compounds. A diminution of anti-pseudomonal activity in the penem derivatives is presumably attributed to low membrane permeability. Against DHP-I, the penem compounds have greater stability compared with the corresponding carbapenems.
Experimental
General Methods IR spectra were recorded on a Hitachi 260-10 IR spectrophotometer. lH NMR spectra were taken with Jeol FX-90Q (90MHz) or GX270 (270MHz) spectrometers, in the designated solvent, using tetramethylsilane or residual HOD(3 4.80) as an internal reference. UVspectra were recorded on a Hitachi 330 UV-VISspectrophotometer. Mass spectra were obtained on a Hitachi M-80Bspectrometer. Optical rotations were determined on a Jasco DIP-181 digital polarimeter. Preparative TLC was carried out on Silica gel 60 F254 TLC plates (E. Merck). minutes, a solution of (25',45')-2-dimethyIaminocarbonyl-4-mercaptol -/>-nitrobenzyloxycarbonylpyrro]idine (3a)1} (81 mg, 0.23 mmol) in CH3CN(0.6ml) was added to this mixture at the same temperature and followed by stirring for 10 minutes. The reaction mixture was diluted with EtOAc, washed with brine and dried over anhydrNa2SO4.Evaporation of the solvents in vacuo gave an oily residue which was purified by preparative TLC (EtOAc-Me2CO, 3 : 1) to give 4a (69mg, 93%) as a colorless powder: [ carboxylic Acid (la)
To a solution of4a (68mg, 0.097mmol) in THF (7.7ml) and 0.1 m phosphate buffer (pH 6.86, 5.1 ml) was added 5% Pd-C (204mg) which was activated in EtOH (3.8ml) and water (3.8ml) before use for hydrogenolysis. The mixture was stirred under hydrogen atmosphere for 3 hours at room temperature. The catalyst was filtered off and washed with 0.1 m phosphate buffer (2ml). THF was evaporated in vacuo from the filtrate to give aqueous solution, which was washed with EtOAc. The aqueous layer was concentrated briefly to remove any residual organic solvents in vacuo and then subjected to column chromatography on Diaion CHP-20P (Mitsubishi Chemical Industries, Ltd.) which was successively eluted with water and water containing 1 %ofTHF. The fractions having UVabsorption at 320 nm were combined and lyophilized to give la (13.5mg, 36%): IR (KBr) cm"1 1765, 1645, 1580; XH NMR(D2O) S 1. The following compounds (lb -le) were prepared from 4b -4e as described for the preparation of la. Measurement of In Vitro Antibacterial Activity MICs were determined by the 2-fold agar dilution method using Sensitivity Test Agar (Nissui). An appropriate dilution (106 cells/ml) of a fresh overnight culture of the test organism was prepared as an inoculum. The inoculated plates were incubated at 37°C for 18 hours. The MIC (/xg/ml) was determined as the lowest concentration of the test compoundthat inhibited the development of visible growth of the test microorganism.
Measurement of In Vitro Antibacterial Activity APR. 1992 MICs were determined by the 2-fold agar dilution method using Sensitivity Test Agar (Nissui). An appropriate dilution (106 cells/ml) of a fresh overnight culture of the test organism was prepared as an inoculum. The inoculated plates were incubated at 37°C for 18 hours. The MIC (fig/ml) was determined as the lowest concentration of the test compoundthat inhibited the development of visible growth of the test microorganism.
Stability Test to DHP-1 The DHP-1 stability was determined by spectrophotometric method in a spectrophotometer controlled at 37°C. Renal DHP-1was partially purified from swine kidney according to Cambell's method8). The T1/2 (minute) of enzyme-catalized hydrolysis of the test compound (200^m) was measured in the presence of the limited amount of enzyme by the decrease in absorbance at a wavelength around 300nm in 50mM of MOPSbuffer (pH 7.2), where the test compoundshows the maximumabsorption.
Analysis of PBPs
The method used for PBPs analysis, a competition assay with [14C]benzylpenicillin, was described by Noguchi et al.9) and Fukasawa et al.10). After P. aeruginosa membranes (30/xl) were incubated with the test compound (3 fi\) at various concentrations for 10 minutes at 30°C, [14C]benzylpenicillin (50 /iCi/ml; 3^1, a final concentration of 22.5fig/ml) was added and the incubation was continued for another 10 minutes. Reactions were terminated by an addition of excess non-radioactive benzylpenicillin (a final concentration of 2,600 /zg/ml) and sarkosyl (a final concentration, 1 %). After removal of sarkosyl-insoluble fractions by centrifugation, the supernatant was used for sodiumdodesylsulfate -polyacrylamide gel electrophoresis (SDS-PAGE).
